INTRODUCTION
Inappropriate antibiotic prescribing has been recognized as an important public health problem worldwide 1 , because it contributes to development of antimicrobial resistance 2 According to the World Health Organization, inappropriate drug prescribing is denoted by unnecessary prescribing (overprescribing), omission, wrong selection of an antibiotic, wrong dosage, incorrect duration of treatment, unnecessary expenses and unnecessary risk 3 . Any prescription event should be in accordance with available evidencebased guidelines. A recent large cross-sectional survey conducted in the United States found that 30% of outpatient oral antibiotic prescriptions regardless of indication may have been inappropriate, and for acute respiratory infections up to 50% of prescribed antibiotics might have been unnecessary 4 . Among the acute respiratory tract infections, the highest percent of inappropriate antibiotic prescribing occurs in adult patients with acute bronchitis 4 ; one of the studies found that almost 80% of these patients were prescribed
antibiotics, but inappropriateness rate was 100% 5 .
Acute bronchitis is a self-limiting inflammation of the large airways -bronchi, accompanied by a cough (productive or not) which can last up to 6 weeks, with absence of tachycardia, tachypnea, fever and abnormal findings on chest examination 6 . In most cases, acute bronchitis is a viral infection. The most recent recommendations by the American
College of Physicians state that antibiotic therapy should not be initiated in patients with acute bronchitis, unless pneumonia is suspected 6 . Other available evidence-based guidelines also do not recommend prescription of antibiotics for acute bronchitis 7, 8 . A trend of increased adverse events rate in acute bronchitis patients treated with antibiotics was found in a systematic review of 17 randomized clinical trials 8 .
Recent studies have shown that many factors may have an influence on inappropriate prescription of antibiotics 9 . These factors include patient's history (comorbidities, age), clinical experience of physicians and type of specialization 10 . Socioeconomic factors, closely related to aspects such as the healthcare funding and reimbursement, number of generic drugs on the market and availability of diagnostic tests were also recognized as important 2 . Some of the studies also showed relevance of patient's demand and satisfaction, doctor's unwillingness to accept uncertainty and risks and fear of complications 9, 11 . Findings from a cross-national study which included data on prescription of antibiotics in primary care in 26 European countries demonstrated a significant correlation between antibiotic resistance and outpatient antibiotic use 12 . Rational use of antibiotics is necessary in order to preserve their effectiveness in circumstances of growing antimicrobial resistance 1 .
Despite the relevance of this problem, many issues in regard to the factors influencing inappropriate prescribing of antibiotics to the patients with acute bronchitis remain unresolved. The aim of this study was to reveal risk factors associated with inappropriate prescribing of antibiotics to the patients with acute bronchitis in primary healthcare.
MATERIALS AND METHODS
The study included adult patients with acute bronchitis (the code J20 according to This study was designed as an analytical, clinical observational, case/control study.
There were two groups in the study: the group of cases, who were prescribed an antibiotic at the initial encounter, and the group of controls, who were treated without an antibiotic.The data were collected from the patient files and the personal files of physicians employed at the Primary Health Care Centers. In each of the four cities the offices of Primary Health Centers already designated with number 1 or as "the first" were included in the study. The patients were enrolled consecutively, as their files were found in a patient registry of the health facilities where the study took place, starting from the index date of the study: January the 1 st , 2016. Based on expected power of the study of at least 0.8, and on probability of type I error of maximum 0.05, the sample size was set on 200 patients.
Further collection of data on the study sites was terminated after the target of 200 patients was reached. The last patient who entered the study was treated due to acute bronchitis on 
RESULTS
The study included 200 patients with acute bronchitis. There were 157 patients to whomantibiotics were prescribed (cases). The most common prescribed class of antibiotics were macrolides (66 (42.1%) patients), followed by beta lactam antibiotics (52 (33.1%) patients) and beta lactam antibiotics with beta-lactamase inhibitor (15 (9.5%) patients).
Baseline characteristics of cases and controls are shown in Table 1 . Significant differences between cases and controls were observed in the following features: patients who got an antibiotic prescription were older (p=0.012), had higher Charlson Comorbidity Index (p=0.044) and were treated by attending physician who didn't have a specialization Table 2 . Variables entered for multivariate analysis were: age of the attending physician, gender of the physician, physician is a specialist, working experience of the physician, average number of the patients the physician is seeing per day, number of the patients who chose the attending physician, age of the patient, gender of the patient, number of the patient's visits to the physician in the previous 12 months and Charlson Comorbidity Index. Statistically significant association with the inappropriate antibiotic prescribing was found for the following variables: age of the patient, physician is a specialist and average number of the patients the physician is seeing per day. Older patients were more likely to get an antibiotic prescription, whereas patients who were treated by a physicianwho is a specialist and who is seeing larger number of the patients per day were less likely to get an antibiotic prescription.
The interactions between significant risk factors for getting an antibiotic prescription were investigated (Table 3 ). Significant interaction was observed between the age of the patient and average number of the patient physician is seeing per day after adjustment for potential confounders. Odds ratio for interaction between being treated by physician with specialization and average number of the patientsthe physician is seeing per day after adjustment dropped down and its confidence interval included 1, so it was no longer statistically significant (p>0.05).
DISCUSSION
Results of our study show that physicians prescribe antibiotics to majority of patients with diagnosis of acute bronchitis (78,5 %). Macrolides were prescribed the most frequently, while beta-lactams were in the second place. Significant association was found between antibiotic prescription rates and patient age, whether attending physician is specialist or not and average number of the patients a physician is seeing per day.
Antibiotics were prescribed to older patients more frequently. On the other hand, antibiotics were less often prescribed by physicians who are specialists and who had larger number of the patients per day.
Majority of guidelines for appropriate use of antibiotics suggest that antibiotics should not be prescribed to patients with acute bronchitis at first encounter 6, 8 . Despite these recommendations, physicians continue to prescribe antibiotics to many patients with acute bronchitis 13 . Prescribing rate in our study is not discordant with other reports, where over 65 % of patients with acute bronchitis received antibiotics 10, 14, 15 . Macrolides are the most commonly prescribed antibiotics to patients with acute bronchitis, being either on the first 16 or second place 10, 17, 18 according to absolute volume of prescriptions, competing only with beta-lactams. This is not surprising, considering that these antibiotic groups are active against majority of bacteria causing outpatient respiratory infections 6 .Probable reason for such behavior of prescribers could be fear of missing bacterial infection if abstaining from antibiotics and of consequent deterioration of patient condition which may be ascribed to the prescriber as neglect or professional mistake. The prescribers than could snatch at antibiotics to ensure treatment efficacy, counting on relatively low rate of adverse effects in this group of drugs.
The association between antibiotic prescribing and age of patients with acute bronchitis(older patients are more likely to get an antibiotic prescription) found in our study was also reported by others 16, [19] [20] [21] . Kroening-Roche et al 21 showed that patients 50 years of age and older have 1,7 times higher chance to receive antibiotic for acute bronchitis than younger patients. Reason for more frequent prescribingof antibiotics to elderly patients with acute bronchitis is fear of misdiagnosis or complications like pneumonia, which has high mortality rate in elderly 13 .Elderly patients are also more expectant than younger ones, which builds up the pressure on prescribers who may be tempted to satisfy their patients by "giving" them antibiotics.On the other hand, some of the studies showed that employed patients are more likely to get an antibiotic prescription for acute bronchitis, because they make pressure on physicians believing wrongly that antibiotics will bring them back to their job earlier 19, 22, 23 . This effect was not reproduced in our study,probably reflecting different attitude to job of workers in transitional countries, like Serbia.
Several studies showed that years of medical training are inversely related to frequency of prescribing antibiotics to patients with acute bronchitis. Residents less frequently prescribe antibiotic for acute upper respiratory tract infections than physicians without specialization 24 . Knowledge of primary care physicians in regard to treatment of acute bronchitis could be better, as reported by Ackerman et al 25 who found that 31% of physicians believed that prescribing antibiotics for acute bronchitis is standard of care.
Probably prolonged medical training brings deeper insight to nature and appropriate treatment of the diseases which are frequently encountered in general practice.Besides, it is more probable that prescribers with higher level of professional training are acquainted with current treatment guidelines, and therefore less likely to prescribe drugs inappropriately.
Inappropriate prescribing of antibiotics to patients with acute bronchitis was reported to be more frequent if physicians have more patient encounters per day. It was explained by lack of time during the working hours, so it is easier a physician to prescribe an antibiotic than to explain to the patient why it is not necessary 26, 27 . In our study the opposite was found, probably because average number of patients per day was less than in previous studies, letting other factors to get involved, i.e. knowledge and experience of the attending physicians. Rate of patient encounters per prescriber is actually a composite indicator, which could be interpreted only if all details of local settings are known. It could be an indicator of prescribers' work overload due to insufficient staffing, but also of quality of care an individual prescriber is offering to the patients, as he or she will have more patients who want to be cared for than other physicians. The first interpretation is more likely in Serbian settings, as understaffing is serious problem at all levels of healthcare during the last decade.
In conclusion, inappropriate prescribing of antibiotics to patients with acute bronchitis is frequent phenomenon, although it is contrary to recommendations of the current therapy guidelines. Older patients are more likely to receive inappropriate antibiotic prescription, especially if their physician is without specialist training and has less patient encounters in his/her office daily. 
